Background Internal carotid artery (ICA) is predominant localization of giant intracranial aneurysms (GIAs). The rupture of GIA is supposed to be related to higher risk of poor clinical outcome. Although endovascular techniques are still being developed, they seem to be unsatisfactory in the mean of GIAs. Methods Included in the retrospective analysis were 78 giant and 250 smaller surgically treated ICA aneurysms. Exclusion criteria were multiple and blood blister-like aneurysms. Neurological deficit on admission, clinical and radiological presentation, gender, age, segment of ICA, surgical methods, accessory techniques and complications were analyzed. Death rate and short-and long-term outcome of giant aneurysms were compared with smaller aneurysms and risk factors for mortality, unfavorable short-and long-term outcome were determined. Results There was no difference in general and surgical complications between ICA aneurysm size groups, as well as in occurrence of newly diagnosed neurological deficit after the operation. There were similar mortality rates, proportion of unfavorable outcome, and low health related quality of life for giant and smaller aneurysms. A 12.2% death rate for all ICA aneurysms was achieved. Trapping method as well as Fisher grades 3 and 4 increased mortality risk in the smaller aneurysm group. No significant factors were related to an unfavorable outcome in the ruptured giant aneurysm group. Patients older than 65, Hunt-Hess grades 4 and 5, Fisher grade 4, and newly diagnosed deficit after operation were connected with unfavorable outcome in the ruptured smaller aneurysm group. Newly diagnosed neurological deficit was also an unfavorable outcome risk factor in both giant and smaller ICA unruptured aneurysms. No difference was noted in long-term health-related quality of life between the giant and smaller ICA groups. Higher age and presence of concomitant disease were independent factors affecting quality of life, although obtained data were incomplete. Conclusions The study breaks the stereotype of unfavorable giant ICA aneurysms treatment results. Mortality rate, shortand long-term outcome after the operation of giant and smaller ICA aneurysms are similar. Higher age, patients' condition at admission, and the amount of extravasated blood and trapping method are poor prognostic factors in patients with smaller ICA aneurysm.
Introduction
Localization of giant intracranial aneurysms (GIAs) (defined as a dimension exceeding 25 mm [18] ) is different compared to smaller ones. Although 20-40% of GIAs are found in posterior circulation, the internal carotid artery (ICA) is the predominant localization of GIAs [16, 17] . Up to 67% of GIAs are localized on the ICA [17] .
The etiology of GIAs is similar to the smaller ones [16] . However, apart from the enlargement of small aneurysms, de novo development of GIAs is described [2] . Krings et al. [14] indicate that the formation of GIAs (proximal ICA and vertebral artery) may differ from the others. Repeated subadventitial hemorrhages from the vasa vasorum play an important role in the pathogenesis of GIAs. Therefore, GIAs can be regarded as a "proliferative disease of the vessel wall induced by extravascular activity" [14] .
Approximately two-thirds of GIAs are diagnosed before rupture, causing mass effect, while most of the patients with smaller aneurysms are admitted due to subarachnoid hemorrhage (SAH) [17] . Regardless of how thick the wall of the GIA is, rupture causes extravasation of a greater amount of blood than happens in smaller aneurysms [8, 16] . This may result in poor clinical presentation in patients with GIAs. The ISUIA study [29] showed a 40% risk of rupture in case of giant ICA aneurysms. Kassell [9] noticed that the large size of the aneurysm is one of the prognostic factors related to postoperative mortality. The two studies above [9, 29] warrant treatment of both ruptured and unruptured giant ICA aneurysms [4] .
Endovascular and surgical techniques are the options considered in treatment of giant ICA aneurysms. Since the first attempt of excluding giant ICA aneurysms from circulatory system in 1885 [5] , a great many surgical occlusion and accessory techniques have been developed and described [17] . Current endovascular techniques are regarded as having lower risks for the patient [28] . Despite the fact that these techniques are being constantly developed, in GIAs, these still seem to be unsatisfactory in terms of durability of aneurysm occlusion [24, 28] . Parkinson [23] suggests that the results of surgical techniques should be the "gold standard" with which other techniques, including endovascular treatment, are compared.
Untreated GIAs have a poor natural history, as the mortality rate after 2 years of observation can reach 100% [13, 20, 25] . Even treated, favorable results usually did not exceed 80% in previous series [3, 10, 13, 15, 25, 27] .
Reviewing neurosurgical literature regarding methods used for measuring outcome, the Glasgow outcome scale (GOS) and Rankin scale are mostly mentioned. Kim also reported the application of quality-of-life scale SF-36 in the intracranial aneurysm group [12] . Doctor's and patient's evaluation of treatment may differ, thus patient's selfassessment scale should be used [6] .
There is not enough data in the literature describing the results of treatment and quality of life in patients with giant ICA in comparison to smaller ones. Surprisingly, factors influencing quality of life several years after operation have not been reported in the ICA aneurysm group. For this reason, the current study was performed to compare the prognosis after treatment of giant and smaller ICA aneurysms as well as to determine which factors influence postoperative mortality, early and long-term outcome separately in patients with giant and smaller type of aneurysm.
Materials and methods

Patient population and data collection
Between 1997 and 2006, 1,035 surgical intracranial saccular aneurysms securing procedures were performed in the Neurosurgery Department at the Medical University of Gdansk in Poland. Angiography and CT scans were analyzed, and surgical results, demographics, and other factors were evaluated retrospectively in 328 cases of saccular ICA aneurysms. The group was selected as 62 multiple and four blood blister-like aneurysms were excluded. GOS was used in patients' evaluation on the day of discharge. Postoperative mortality (GOS 1) was divided into perioperative (before 48 h) and postoperative (after 48 h after surgery) [19] . In the study, postoperative mortality analysis referred only to the in-hospital period. Favorable short-term outcome was defined as GOS grade 4 and 5, and unfavorable if GOS was 1, 2, or 3. Long-term outcome was assessed using the qualityof-life SF-36 scale. The query was sent to the patients in 2008 or collected during visits. If total SF-36 scores were under 50 points, low health-related quality of life was established.
Patients' characteristic and condition
The group consisted of 119 (36.28%) small, 81 (24.70%) medium, 50 (15.24%) large and 78 giant (23.78%) ICA aneurysms. For the statistics, small, medium, and large constituted one group of 250 smaller ICA aneurysms.
All of the giant aneurysms were operated on by senior author (SP). Over half (n=42; 53.85%) of the giant ICA aneurysms were diagnosed based on mass effect signs, while 82.40% (n=206) of the smaller aneurysms were operated on after rupture (p<0.01) (Fig. 1) .
Age of the treated patients ranged from 17 to 83, mean 51.20 (SD±12.73). No difference in age was noted between the groups, as for the giant, the mean was 50.53 (SD± 10.12) and for the smaller ICA aneurysms 51.42 (SD± 13.46). Female predomination was observed in both groups. There were significantly (p=0.03) more females (85.90%) in the giant than in the smaller ICA aneurysm group (74.00%). Statistically, the proportion of education and habitation (village/town) was similar in both groups, as well as the percentage of concomitant diseases.
For 242 patients who presented SAH (36 giant and 206 smaller ICA aneurysms), Hunt-Hess, Fisher, GCS, WFNS grading and neurological deficit on admission was assessed.
In these regards, the giant group did not differ from the smaller ICA aneurysm group.
In 86 patients with unruptured aneurysm (42 giant and 44 smaller aneurysms), neurological deficit was also assessed on admission. Third nerve paresis was diagnosed on admission in seven patients (15.91%) with smaller ICA aneurysm group. There were 13 smaller ICA aneurysm of PCoA origin, five of them (38.46%) presented oculomotor nerve paresis. All of patients with smaller intracavernous aneurysms (n=2) had third nerve paresis (Table 1) .
Most (85.71%) of the intracavernous aneurysms were giant, 11 unruptured (all patients were symptomatic) and 1 ruptured (clinical presentation was epistaxis). All smaller intracavernous aneurysms (n=2) were unruptured. The posterior wall aneurysms (AChA, PCoA) were usually small. One-fourth of the ICA aneurysms were localized in the bifurcation segment. The different localizations of the giant and smaller aneurysms were significant (p<0.01) (Fig. 2 ).
Treatment
The surgical methods and accessory techniques used in the treatment of the giant and smaller ICA aneurysms are shown in Table 2 . The pterional approach was applied in all cases of giant and smaller, ruptured and unruptured ICA aneurysms. Extraduraly lesser wing of sphenoid bone partial removal and decompression of supraorbital fissure were performed in all cases of pterional craniotomy.
In both of the smaller and the one giant intracavernous aneurysm, direct clipping was performed in deep hypothermic circulatory arrest. In the remaining nine cases of intracavernous aneurysm, high-flow bypass was done.
For all clinoid and ophthalmic artery origin aneurysms, the additionally ipsilateral cervical carotid bifurcation exposure was prepared for proximal ICA control as well as intradural anterior clinoid process removal. When deemed necessary, optic strut removal was performed. In the four cases of clinoid giant aneurysms, retrograde suction was accessory. If the surgeon found that direct clipping impossible, bypass was offered afterwards. Unfortunately, in four cases, low-flow by-passes (STA-MCA and SThA-MCA) were found to be insufficient.
Direct surgical clipping was performed in the majority of supraclinoid aneurysms. If this method appeared difficult or insufficiently safe intraoperatively, then the wrapping or trapping technique was a possibility. For inoperable aneurysms, by-pass was the treatment option.
One temporary by-pass and one temporary balloon occlusion occurred to be invaluable accessory techniques in the authors' opinion, and therefore neglected. Microvascular Doppler ultrasonography was regularly used intraoperatively.
During the study years (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , there were no endovascular procedures performed in either giant or smaller ICA aneurysms. Patients were offered only a surgical treatment option.
For ruptured aneurysms, timing of the surgery was not assessed in the study. The angiogram was performed on admission and the operation took place on the next day. It referred to the majority of the ruptured ICA aneurysm, including those patients in a worse condition (Hunt-Hess grade IV). Patients in grade V were operated on if a mass effect caused of aneurismal intracerebral hemorrhage was diagnosed (Table 2) .
Only significant surgery complications were analyzed, and were divided into three types: general (pneumonia, pulmonary embolism, heart attack, etc.), surgical (infectious, hematoma, CSF leakage, etc.) and neurological (conscious deterioration, ischemia in CT, etc.).
Outcome risk factors
Patient characteristics, including gender, age, education, habitation, and concomitant diseases, were analyzed to determine the relationship to outcome. Localization of aneurysm, surgical method, accessory techniques, complications, and diagnosis of new neurological deficit were analyzed for both ruptured and unruptured aneurysms. In the case of patients who presented SAH, Fisher, WFNS, and Hunt-Hess grading were taken into consideration in predicting the outcome.
Statistical methods
For categorical values, Chi-square and its nonparametric equivalents, for numerical values t and Mann-Whitney U tests were applied. Multivariate analysis was performed by logistic regression. Probability values less than 0.05 were used to determine significance. 
Results
Complications
General and surgical complications occurred in 8.23% (n=27) of cases. Surgical complications referred to 4.40% (n=11) and general ones to 3.60% (n=9). After surgery, new neurological deficit was diagnosed in 8.54% of cases (n=28) ( Table 3 ). There was an insignificantly higher percentage of patients with new deficits in giant (10.26%; n=8) in proportion to the smaller ICA aneurysm group (8.00%; n=20). No difference between aneurysm size groups was observed in the means of general and surgical complications. There was no rebleeding from treated or other aneurysm observed in our series
Postoperative mortality
No perioperative death was recorded. There were 40 postoperative deaths, resulting in a total mortality rate of 12.20% in the entire group of 328 patients. No significant difference was observed in mortality between groups (12.82% in giant and 12.00% in smaller aneurysm group). Gender, age, education, habitation, segment of ICA, presence of concomitant disease, and complications did not determine postoperative mortality in whole analyzed ICA aneurysm group. Patients who died after leaving the Neurosurgery Department were lost to follow-up, as there were no such data obtained in the queries sent to the patients.
Ruptured aneurysms There were similar mortality rates for different sizes of ruptured ICA aneurysms. Death occurred in 16.67% (n=6) and 14.56% (n=30) of the giant and smaller ICA aneurysms, respectively. In the giant ICA group, only GCS was the mortality determining factor, thus multivariate analysis was not performed. Uni-and multivariate analyses of significant factors related to death were shown in Table 3 . Multivariate analysis revealed that Fisher grade 3 and 4 increases mortality six times and the trapping method, 13 times (Table 4) .
Unuptured aneurysms The risks of mortality for unruptured giant and small aneurysms were statistically similar, although four of 42 patients (9.52%) with giant ICA aneurysm died and all with smaller unruptured aneurysm survived (n=44). No factors related to death in the giant and smaller unruptured ICA aneurysms were found.
Short-term outcome
The analysis of short-term outcome, based on GOS, revealed that one-third (n=218; 33.54%) of the patients has an unfavorable outcome. Gender, education, habitation, segment of ICA, surgical method, surgical complications and presence of concomitant disease had no influence on short-term outcome in ruptured and unruptured, and both giant and smaller ICA aneurysms.
Ruptured aneurysms
No statistical difference in short-term outcome rates between the giant and the smaller ICA aneurysm group was observed. 61.11% (n=22) of the giant and 57.77% (n=119) of the smaller ICA aneurysm cases had a favorable outcome (four and five in GOS).
Unruptured aneurysms In the unruptured aneurysm group, unfavorable outcome rates between giant (n=6; 14.29%) and small aneurysms (n=3; 6.82%) did not statistically differ (p=0.26). Newly diagnosed neurological deficit after surgery of giant or smaller ICA aneurysms (n=8) was related to unfavorable outcome occurrence.
Uni-and multivariate analyses of factors related to unfavorable outcome in ruptured and unruptured, giant and smaller ICA aneurysms are shown in Table 4 . Multivariate analyses revealed four independent factors related to an unfavorable outcome in smaller ICA aneurysm group: patients' age over 65, Fisher grade 4, Hunt-Hess grades 4 and 5, and newly diagnosed neurological deficit after operation. A total of 63.33% (n=19) of patients over 65 years old, while only 38.64% (n=68) of younger patients had an unfavorable outcome in smaller ICA aneurysms group (Table 5) . (Fig. 3) A total of 41.2% of patients with giant and 45.1% of patients with smaller ICA aneurysms showed high health-related quality of life (p=0.62). The quality of life few years after the operation of giant or smaller ICA aneurysms, was not affected by gender, education, habitation, segment of ICA, method of operation, or complications. There was a significant influence of two factors: age and the presence of concomitant disease on the quality of life in the entire ICA aneurysm group. In the separate analysis of giant and smaller aneurysms, only the presence of concomitant disease was related to low health-related quality of life in the smaller ICA aneurysm group.
No difference in the SF-36 scores between the aneurysm size groups was noted, although 27.3% of the giant and 45.2% of the smaller ICA aneurysm group had low health-related quality of life. In both groups, no correlation between functional status at admission (regarding Fisher, WFNS, and Hunt-Hess grading) and SF-36 scores was observed.
Unruptured aneurysms A few years after surgical treatment of the unruptured smaller or giant ICA aneurysms, half of the patients had low health-related quality of life, namely 54.8% and 48.3% of giant and smaller aneurysm groups, respectively. No factors related to quality of life were found. 
Discussion
The above study was based on a single-center and a singlesurgeon series of surgically treated (both ruptured and unruptured) saccular ICA aneurysms. After excluding multiple and blood blister-like aneurysms, the analyzed group consisted of 23.78% giant aneurysms, a higher percentage than published [1, 11, 28] . This was due to the fact that some patients with diagnosed GIAs were admitted from other neurosurgical wards that do not have much experience in surgical treatment of GIAs. Since most of the smaller aneurysms were diagnosed after their rupture, giant causing mass effect or asymptomatically, thus separate comparisons of ruptured and unruptured ICA aneurysms were carried out.
Complications
An insignificantly higher percentage of newly diagnosed neurological deficits after operation was found in giant ICA aneurysm patients. The surgery of GIAs is supposed to be a more difficult and complicated entity than smaller aneurysms [28] . A thorough analysis of general and surgical complications was not the purpose of this study. Le Roux indicates that the complication rate can reach even up to 100%, depending on established criteria [17] .
There was no rebleeding observed in the entire analyzed group. The risk of rupture from a secured aneurysm is low. In the ISAT study [22] , 0.10% neurosurgically treated patients experienced rebleeding from the target aneurysm in 4 years of follow-up. On the other hand, in our series, rebleeding might not occur due to losing patients during the follow-up.
Postoperative mortality
Surgical mortality rates for GIAs may vary from 4 to 21%, with an average of 10% [27] . In the presented series of ICA aneurysms, similar death rates for giant and smaller were obtained, resulting in a 12% overall mortality rate. A considerable number of 328 patients enabled the analysis of multivariate factors which influence mortality, indicating that not aneurysm size, but the amount of blood (Fisher grade) and the trapping method were increasing the number of deaths. Kassell's [9, 10] publications, based on large series, signified that aneurysm size is one of the death prognostic factors. He also indicated that level of consciousness and age was related to higher mortality rate, which our study did not confirm in the ruptured ICA aneurysm population. Consecutive improving of surgical techniques contributed to a significant decrease in the mortality and that was also confirmed by the authors in the present study. [8] [9] [10] . Newly diagnosed neurological deficit after the operation of both ruptured and unruptured smaller ICA aneurysms was connected to unfavorable outcomes. In giant aneurysms, conventional endovascular therapy or use of dimethyl sulfoxide (Onyx) is related to 8% morbidity [21] .
Long-term outcome
In the authors' opinion, the use of the SF-36 questionnaire in patients with unfavorable outcome on discharge (GOS grade 2 or 3) a few years after surgery is debatable. However, response rate can attain 100% in a similar group [26] . There are no published reports comparing quality of life between giant and smaller ICA aneurysms. The presented study revealed that the long-term outcome of different aneurysm size groups is similar. Moreover, in opposition to Scharbrodt's publication [26] , the quality of life does not depend on functional status at admission in the ruptured aneurysm group. Higher age and presence of concomitant disease were the only two factors related to low health-related quality of life a few years after the operation of giant or smaller ICA aneurysms. Despite the fact that age may influence the brain's ability to recover [26] , other factors (social, economic) determine age-related quality of life [7] . As a matter of fact, concomitant diseases may affect health-related quality of life, which has been acknowledged in the presented series.
In conclusion, the analysis of the surgically treated 78 giant and 250 smaller ICA suggests that mortality, morbidity, and short and long-term outcomes of these patients are similar. These novel results are at variance with some standard neurosurgical reports from highly experienced neurovascular surgeons worldwide [1, 15, 16, 25] . Most papers considering the outcomes of surgically treated giant ICA aneurysms are dated to the late 1980s and 1990s of the previous century [1, 9, 15-17, 23, 25, 28] and they rarely exceeded 80% of good results. A few successors, taught by the formers' experience, showed that surgical treatment still remains a gold standard, publishing that outcome could be better. They achieved up to 90% good results [4, 27, 30] . Proper, individualized case selection and surgical strategy including accessory techniques, preoperative assessment of vascular anastomoses, temporary parent vessel occlusion, retrograde suction decompression, and microvascular Doppler ultrasonography can substantially improve microsurgical outcome [27, 30] . Therefore, we believe that our innovative conclusions could encourage other scientists to share their results and would open the discussion on this particularly interesting topic.
The unique peculiarity of giant ICA aneurysms requires extensive comprehension of the treatment strategies to achieve better results. An experienced neurovascular surgeon should be accustomed to all surgical techniques for giant ICA aneurysms [23] .
